We have developed a framework integrating qualitative and quantitative data analysis methodologies of trip-chaining behavior research. The proposed qualitative methods include analysis of descriptive statistics and visual analysis of space-time prisms. The results of the qualitative analysis help in the quantitative modeling process. The proposed Integrated Qualitative and Quantitative (IQQ) framework incorporates both logit models and hazard duration models as quantitative analysis tools. Here we show qualitative examples, what we learn from them, and how the qualitative data affects the quantitative methodology. The qualitative examples show that aggregate and individual trip chaining-behaviors are not easy to model. Integrating the results from both qualitative and quantitative methods as described here leads to a better understanding of how people make their trip-chaining and travel behavior decisions.
INTRODUCTION
Travel behavior analyses should include both qualitative and quantitative methodologies because on their own they do not provide a complete picture of the mechanisms that come into play in the decisionmaking process of individuals' trip choices. Previous research often concentrated only on quantitative models of behavior. Here we propose exploiting qualitative methods to improve typical quantitative models. An integrated system such as the Integrated Qualitative and Quantitative (IQQ) modeling system described here will provide a better understanding of travel behavior decision-making than utilizing either qualitative or quantitative methods alone.
This research proposes the integration of both qualitative and quantitative methodologies to study travel behavior related to trip chaining. Trip chaining is defined as the act of combining trips to multiple activities away from home. In the proposed theoretical framework, results from the qualitative phase of the analysis guide the quantitative analysis. By studying both aggregated descriptive statistics and visualizations of individual behavior, we identify specific variables that influence trip-chaining behavior.
Why is this important? Engineers and planners studying travel behavior have turned their attention to modeling, analyzing and understanding the activity-based travel behavior of individuals, to better manage and devise new plans for current systems. To forecast implications of different strategies and policies on travel networks, researchers seek travel and activity patterns indicative of network usage. Effective travel demand management strategies thus require a comprehensive understanding of the travel activity attributes influencing time and duration of travel. Our research integrates qualitative and quantitative analysis tools to accomplish this comprehensive understanding of travel behavior. As interest increases in shifting travel activity from peak to non-peak travel activities, the type of tripmaking becomes crucial to understanding the needs of the users. To understand the overall scheduling process of a day, we apply the IQQ system to trip-chaining behavior.
Researchers have used several approaches over the years to study individuals' use of time including discrete choice models, hazard-based models, and limited dependent variables (1, 2) . Researchers in fields ranging from geography to transportation seek to understand travel behavior as it relates to individuals' decision-making processes. The most recent approach to travel behavior is the study of the decisions people make to participate in activities, activity analysis (3, for example), which views activity participation as the motivation for travel.
Application of qualitative or quantitative methodologies provides a one-sided view of trip chaining behavior. Integration of the two methodologies presents a picture larger than the sum of the smaller parts modeled with non-integrated methodologies.
Many transportation researchers are interested in the decision-making process through which people schedule their day-to-day activities. Their analysis gives transportation planners and policy makers clues about when and where most travel activity will likely occur throughout the week. This helps them devise better plans and resources to manage transportation infrastructure and congestion problems.
The examples in this paper use the six-week travel diary data from two German cities (4) . The German data set provides a comprehensive record of the details of trip and activity participation over a continuous period of time, thus identifying regular patterns of behavior with regard to fixed regular activities including work and school.
This research provides an understanding of trip-chaining behavior for individuals with restrictive travel schedules. A complete specialized framework incorporating both qualitative and quantitative data analysis tools is designed for forecasting the activity travel patterns of this population. Examples of balancing mobility and time-use efficiency are presented through space-time prisms. Based on these results, future research will include the construction of discrete choice models of travel behavior under space-time constraints followed by time-to-event analysis and testing for time of day trip-chaining occurrences.
TRIP CHAINING ANALYSES
Trip-chaining is the grouping of two or more out-of-home activities. For example, stopping at the supermarket on the way from work is a trip chain. There are a lot of reasons why transportation planners consider trip chaining important. Trip-chaining analysis helps planners understand the travel behavior of commuters, especially those who link non-work trips to the work trip. This is important because chains often occur during peak periods, contributing to traffic congestion. Travel Demand Management planners must understand the factors causing traffic congestion to implement policies to reduce congestion. One major factor is the decision to travel at specific times to participate in specific activities. "Trip chaining is a relatively new way to look at the series of trips made by people everyday, and it helps to clarify the reasons for choices in mode and the time of day of travel." (5:79). On the other hand, planners who wish to help regions reach air quality attainment levels might want to create incentives for travelers to encourage linking travel trips as a way to decrease cold starts, thus reducing air pollution.
The combinations of different types of activities in a trip chain affect the patterns observed in daily schedules. Activity schedules are divided into fixed and discretionary activities. Fixed activities provide a good starting point for the study of activity patterns because of their fixed time and place, which affect the layout of the rest of the day's schedule of activities. Fixed activities may be obligatory (work or school) or non-obligatory but regular (church or club meeting). In analyses of trip chaining, the influence of such fixed activities is evident.
People tend to chain out-of-home activities to save time and resources and free time for other activities. They may also have to chain activities due to location or time constraints. So, when a store has limited opening hours, a person needs to arrive before closing. Thus, a worker may have to shop on the way home. Schedule limitations can also cause a person to group activities. For example, the need to coordinate with another person's available time to join the same activity limits the scheduling process. Sharing a car for travel to two separate destinations results in giving rides to members of the family on the way to another activity, as when parents drop off their children at school on their way to work. Costs of various modes of travel also constrain mobility and participation in activities based on their location. Households sharing a vehicle must coordinate their car-use schedules. From all of these examples we see that the underlying reason for chaining activities is to maximize the use (utility) of time, mainly by increasing the possibility (opportunity) to participate in activities. A brief review of quantitative applications to trip chaining is provided here along with a longer review of qualitative trip chaining applications.
Quantitative Analysis Methods
A wide variety of quantitative approaches has been used to study trip chaining. Following is a review of some of these approaches leading to the selection of the quantitative methods selected for the framework described here.
A binary logit model and a share model analyzed trip chaining in Strathman et al. (6) . The effects of the household structure and congestion on non-work travel trip chains were studied using the 1984 survey for Portland and the 1986 Dutch National Mobility Panel; results indicated a growth in non-work travel during peak periods.
In addition to the traditional explanatory variables of household, personal, and trip characteristics, urban form can help analyze the effects on trip chaining. One case study applied Poisson and negative binomial regression models with the 1990 Puget Sound survey. Pedestrian and transit accessibility were measured with urban form characteristics using average block size and street network density (7) .
Most recently, Golob used structural equation modeling to develop a household trip chain generation model as a function of household characteristics and accessibility indices using data from the two-day activity diary from the 1994 Portland Travel Survey. He based the model on the assumption that work activity duration is the basis for the rest of the days' time use and trip generation. He divided activities into work and non-work types using them as endogenous variables together with travel time. He referred to trip chains as "tours" and classified tours according to type of activity and degree of complexity (8) . Other quantitative trip chaining applications include (9-11).
Qualitative Analysis Methods
Transportation researchers have studied different aspects of trip chaining behavior using a variety of qualitative methods. Qualitative models are often used to highlight similarities and differences of tripchaining behavior among various population segments.
For example, McGuckin and Murakami (1999) compared the trip-chaining behavior between men and women. Using the 1995 National Personal Transportation Survey, they analyzed weekday travel and studied the effects of gender and life-cycle stage on the amount and type of trip chains. They explored differences, showing that women had more chains in the commute trip, especially when they had a child at home. The study analyzed trip stops along four types of tours (home to work, work to home, work to work, and home to home) using bar charts. The characteristics of individuals making one or more stops were compared to those not stopping on their tour (5) . Another exploratory analysis conducted for workers and non-worker "stop" patterns provided a comparison among Belgium, France, Britain, Germany, and the US (12) .
Two other forms of exploratory analysis are clustering and space-time prisms. Schwanen and Dijst (2002) used cluster analysis to locate activity opportunities in a worker's schedule for non-work activity (13) . To determine the conditions in travel that encourage or discourage trip chaining, two Japanese case studies were selected from Osaka and Kyoto in 1970 and 1980 by Nishii et al. (14) . Using a linear city abstraction to incorporate time-space constraints, a trip-chaining model was developed, with space-time prisms representing the constraints on workers pursuing non-work activities. The focus was on other trips linked to work trips. Travel tours were divided into single and multi-chain tours. The total utility of engaging in an activity given the duration of the in-home and out-ofhome activity durations was estimated. The choice between the multi-chain and single-chain paths was assumed to be dependent on the location of the activity. The results demonstrated the important impact of speed and commuting distance on trip chaining and showed that higher travel speed encouraged single chains.
Following we present the three types of analyses selected to fulfill the qualitative component of the proposed integrated framework.
Descriptive Statistics
We expect descriptive statistics analysis to influence quantitative analysis. Descriptive statistics such as cross-tabulations or data summaries may help us identify outliers or relationships among variables that we did not expect. From descriptive statistics, we have a better understanding of the range of values for different variables and the frequencies associated with different variables. This analysis helps us better specify our quantitative models. Examples in the next section help identify the population segments and indications for travel patterns needed to perform quantitative analyses.
Clustering
Using K-means cluster analysis, the multi-week German survey data will be analyzed so that regular schedules of individuals are selected and aggregated to form representative samples that will be used to identify similarities among covariates. Clustering will be conducted around the independent variables such as the socio-economic characteristics of the sample. "Distinct activity patterns are usually generated by cluster or factor analysis of household socioeconomic and travel data. Such segmentation of travel activity is found to be related to travel frequency and purpose, household composition and life cycle status, and household economic factors." (6:23). Cluster analysis will help define more homogeneous subgroups so we can better apply our quantitative models.
Space-Time Prisms
Space-time prisms are visual representations of the three-dimensional action space given limited time and space (15) (16) (17) . They define an action space, which is a space-time representation for daily activity. The prism presents a geometric representation projecting space onto time and distance coordinates. To facilitate drafting and visualizing in dimensional terms the location plane is often collapsed into a onedimensional representation of possible distance reached on the x-axis (18) . Time appears on the y-axis; location appears on the plane perpendicular to it on the x and z-axes. Thus, the unit of the y-axis is the hour and the unit of the x-axis is in miles. Vertical lines indicate activities held in one location. The inclined lines indicate travel speed by dividing the distance over time. The sequences of activities are drawn on a continuum, representing a particular day's events. The space-time prism indicates how much room is available for different options of activities within the diamond-shaped prism. The prism defines the location an individual can reach and the maximum amount of time the person can spend there.
Prism analysis can depict travel behavior of one person or an aggregate group over time. Our quantitative models are likely to be better if performed on groups exhibiting similar behavior over time and space on different days. Space-time prism analysis, as proposed in the next section, can help identify how to specify quantitative models better.
FRAMEWORK
The proposed framework integrates both qualitative and quantitative methodologies. After conducting descriptive statistics analyses, we will use cluster analysis to segment the population. Then we will construct space-time prisms for the various population groups. We present the graphical constructs of the prisms for individuals participating in regular obligatory activities to help create a deeper understanding for the relationships between the fixed and non-fixed activities and time durations affecting chaining. To complete the integration of the qualitative and quantitative framework, future research plans include employing logit models to analyze the effects of participating in regular non-obligatory activities on trip chain choice behavior and trip chain types, modeling the number of trip chain links, and developing a time-to-event model system to predict occurrence times for the different types of chains. The qualitative results will help identify the explanatory variables with the greatest influence, help identify population sub-segments with similar characteristics, and show where behavior doesn't follow our expectations. These qualitative results will help in the specifications of the quantitative models and identify potential difficulties in constructing well-performing quantitative models.
Integration of the Two Approaches: Rationale for Combining
Quantitative approaches to analysis methods have been heavily used to study trip chaining behavior. Qualitative approaches have been applied only to a limited extent. While both approaches have their advantages, they have seldom been combined to forecast travel demand (19, 20) . Here, we develop a comprehensive analysis approach incorporating inductive and deductive research methods in a framework designed to maximize their complementary effects. The combination of the two methods will help enhance the analysis results. Consequently, the framework will present a clearer picture of trip chaining behavior. In our research we employ both qualitative and quantitative analysis techniques to develop a comprehensive expert system predictor for trip chaining decision making. A complete analysis framework is developed as a precursor to simulating the real world travel behavior of trip chaining.
Our Integrated Qualitative and Quantitative (IQQ) framework appears in FIGURE 1. In this framework, qualitative analysis is performed and the results used to inform the quantitative analysis phase, which is a very important part of this framework because of the complexities of scheduling dayto-day activities of each individual. As presented in the following examples, an individual's schedule might vary on a weekly basis. The qualitative analysis helps explain reasons for such variations in order to determine the overall regular pattern before quantitatively modeling the travel behavior of a population segment that is expected to demonstrate similar travel behavior.
A further look at the IQQ framework shows that exploratory analysis is conducted first using cluster analysis and space-time prisms. Cluster analysis identifies population segments defined by demographics, regular non-obligatory activity types, and chain types. Space-time prisms are applied to these population segments, closely examining activity patterns. The prism results help identify relationships between activities to define the explanatory variables for the logit models. The logit models, shown in the quantitative phase of the framework, help study the factors affecting chaining. Subsequently, the results will enable the identification of the initial set of explanatory variables (covariates) to be used in the hazard models to estimate the occurrence and scheduling of trip chains. The combination of the various components of the framework leads to comprehensive modeling of the trip chaining.
Quantitative Analysis: Limitations
Accessibility of quantitative methods among planners and engineers leads to their widespread application in transportation. Pre-designed software and mathematical packages make them readily available. These methods often employ complicated mathematical analysis based on preconceived notions of potential outcomes. Their major limitation lies in the fact that they do not explain the reasons behind outcomes. For example, when studying the choices people make, results will revolve around the choices selected by the individuals without reference to reasons why certain individuals tend to make certain choices. The missing pieces of information will have a tremendous effect on the decisions transportation planners make to devise better plans to manage congestion.
To fill in the missing pieces, the proposed framework shows how the qualitative analysis results will feed into the quantitative analysis. By utilizing logit models to study the choice to chain trips and chain length, whether to chain an activity or trip depends on the flexibility of the schedule and utility of chaining activities as opposed to performing separate out-of-home trips or avoiding/forgoing certain activities. The more constrained the daily schedule, the higher the utility of chaining; thus people with constrained schedules are more likely to chain their activities. The number of fixed activities in a day depends on the population category/segment as well as individual characteristics. Moreover, nonobligatory regular activities increase with children in the household to accommodate joint activity trips of parent and child such as drop-off and pick-up trips. Similarly, couples might have more joint events restricting their schedules, adding more structure to the daily schedule and influencing the decision to chain activities and trips. So, life-cycle indicators need to be included as explanatory variables. Results from the qualitative analyses will help identify which variables influence trip chaining and travel decisions. Learning how frequently different groups chain and the trip purposes within chains will contribute to the selection of explanatory variables for logit models and covariates for hazard models in our future research.
Qualitative Analysis: Additional Dimensions
These methods have been less frequently applied to travel behavior analysis compared to their quantitative counterparts. However, analysis using qualitative methods tends to provide better understanding of why things happen. In the case of travel behavior, such methods explain why people make certain travel choices by searching for underlying reasons leading to final outcomes. By investigating unexpected reasons for certain behaviors they reveal the meaning behind the results. This often requires additional input from the population surveyed. By understanding the populations and the reasons for the decisions they make, the results from the qualitative analysis will provide better leads for conducting the quantitative analysis.
German Case Study Example
The full application of the methodology developed in this research requires data providing detailed attributes about the respondents and their activities. The complete portrayal of the designed framework will incorporate variables from many areas ranging from personal to activity characteristics. For a more realistic representation of travel decision making, patterns of travel behavior activity are measured over time using continuous travel activity diaries. Data from the German case study provides detailed travel diaries.
The Mobidrive data set is a six-week continuous travel diary taken in two German cities, Halle and Karlsruhe. A population of around 300,000 yielded a total number of 162 households (361 individuals) in the survey. Respondents completed questionnaires recording all trips and activities performed over six weeks during the spring and fall of 1999. Households were included in the survey if their children were older than six years old (4).
The questionnaire was administered to individuals at least 16 years old. Approximately 50% of individuals were married, employed, and male. Students constituted 21% and individuals younger than 18 were 18.5% of the total sample. Almost one-third of the sample were parents (see TABLE 1 ). This is the newest long-term continuous data set with promising possibilities for travel behavior specialists interested in details of peoples' time use, scheduling, and travel decision making over several weeks. Information gathered includes personal characteristics, household characteristics, trip information, vehicle characteristics, weather conditions, immobile days, long-distance journeys, and attitudes (21) .
This survey makes possible the analysis of individuals' travel decisions over a continuous time to highlight both general and specific patterns of behavior. Participation in a chained activity is based on a person grouping two or more out-of-home activities in a tour. The extended travel diary data helps researchers interested in activity-based travel analysis look for patterns of travel behavior across a few weeks of time. This data particularly informs this research by providing the opportunity to locate repeated types of activities, which is essential for the study of scheduling behavior because an individual's schedule tends to revolve around fixed activities such as work or study.
Descriptive Statistics
The Mobidrive survey shows that 345 persons out of the original 361 respondents (96%) participate in at least one chained activity (see TABLE 2 ). Out of the 345 people who chain, 198 (57%) indicate having at least one non-obligatory regular activity. 301 individuals have work-or study-related activities, defined here as fixed activities (83% of the whole population). 292 out of the 301 participating in work or school related activities make trip chains (81% of the whole population, 97% of the total number of people who participate in either work or school activities). People who participate in work or school related activities represent 85% of the people who participate in chained activities. The relationship is less obvious between obligatory (work or school) and non-obligatory regular activities (church, gym, club). From this table, we surmise that employment or school has an influence on trip chaining. The relationship between chaining, work, and non-obligatory activities is not as clear, so we need another qualitative methodology, space-time prisms, to study this further. 
Space-Time Prisms
In the case study of Halle and Karlsruhe, an individual's ability to engage in chained activities is constrained by location and time limitations. The space-time prism in this case provides an excellent visual representation of the possibilities within reach for individuals participating in fixed activities. The important interval of time is that indicated by the space-time prism available for an individual to engage in travel activities outside the peak period. We demonstrate the feasibility of rescheduling an activity during the available time in the current daily prisms.
Two individuals are chosen for a study of travel patterns of trip chaining behavior. First the population is segmented by the number of trip chains they make as an indicator of their trip chaining behavior. The sub-segment of individuals performing 21 trip chains over the 42 days of the survey period is selected to represent those who perform chains every other day. From this segment, two employed males from two different age groups are selected for detailed qualitative analysis of their weekly travel patterns on a particular day of the week. Wednesday represents a typical travel day in FIGURES 2 and 3. The different line shades represent the activity paths on each of the six Wednesdays.
The twenty-three-year-old single male student in FIGURE 2 has three main activities on Wednesdays including school, work, and leisure. Irregularities in his schedule appear as differences between time of arrival at school for the first two Wednesdays (represented by the lightest shades of gray in the diagram) and the other days, possibly due to an end-of-semester change in school schedule. Also, the distance to work after school appears to change slightly between days, representing the individual's decision to take a longer route to work as the difference is only .1 or .2 kilometers in two of the cases. On the fifth Wednesday, it appears that this individual goes to work somewhere else. The irregular difference between the net distances is due to the limitations of the graphical representation when collapsing the three dimensional space-time prism into the two dimensions of time and distance. Most days the individual attended a leisure activity after work. Twice he participated in a visit, maybe to the same friend on two of the Wednesdays. On three other Wednesdays he went to an association (likely a club).
The second example represents a fifty-one-year-old employed male. FIGURE 3 displays the activity travel patterns for this individual on six consecutive Wednesdays. His main activity is work. He conducts short shopping trips or private business trips during lunch three of the six days. The overall activity schedule has a regular pattern, which should make quantifying his behavior (and others like him) easier.
The comparison between the two age groups represented by these examples shows more stability in the activity patterns of the older man as opposed to the variety in the schedule of the younger man on the same day of the week. On a regular basis, the younger person chained leisure activities on the way home from work. The older person went directly home and then left home again to engage in a leisure activity. FIGURES 2 and 3 show that the younger man's schedule flexibly accommodates a variety of activities that tend to run later into the evening. The young man's figure suggests that modeling his activities quantitatively will be difficult. Space-time prisms can identify what hours may be easier or more difficult to model for different sub-groups. The purposes of his activities help us learn which types of chains lend themselves to quantitative models.
The results of this research allow a variety of analyses. For example, we can explore different day schedules for the same population, compare schedule changes in discretionary activities and evaluate the effect of policy changes and incentives to change travel demand during peak hours. The time of day travel pattern is the primary indicator for evaluating different congestion management strategies and their impact on the transportation system. Moreover, several other analyses will further our understanding of activity pattern development, such as: analysis of activity types between prisms; exploration of the relationships between travel time, activity time, and activity sequence, in relation to time of day; definition of trip chaining behavior across three age groups: college age, middle age, and old age; comparisons of trip chaining behavior between weekdays and weekends; analysis of travel time, duration of out-of-home activities, and home stay duration; and finally, a summary of trends in time-use and scheduling behavior. By exploring the various types and relationships among the various activity chain patterns, these analyses will pave the way for the application of the following methodologies.
Impact On Quantitative Models
From the descriptive statistics and the two examples of the space-time prisms, we learn that the activity travel patterns of individuals vary across population segments, in this case by age group and student status. The analysis of the six-week Wednesday schedules reflects the degree of complexity stemming from the variety among the same individual's schedules on the same day of the week. Such complexity requires close attention when generalizing the effects of trip chaining characteristics across different population segments. Regularity in patterns makes quantitative analysis manageable; irregularities will likely lead to nonsensical quantitative models unless special cautions are taken. Using qualitative methods to help answer questions arising from differences in travel behavior becomes essential before attempting to quantitatively model trip chaining. The qualitative analyses will identify unexpected travel behavior patterns and designate where care should be taken in quantitative model specifications and in the acceptance of quantitative results. Analogously, qualitative methods can illustrate why certain quantitative results occur.
The results from the qualitative analysis help identify segments of the population sharing similar trip chaining behavior. Analysis of travel behavior of people of different ages reveals the similarities and differences across the represented population. Understanding population travel characteristics is essential for selecting the variables expected to influence the choice to participate in trip chaining. Our qualitative examples suggest that two of the explanatory variables of interest are age and student or employment status. In addition, the time and type of the activity affects the chain link. For example, leisure activities occurred during evenings while private business took place during the day.
The proportional hazard models in our future research will compare the behavior of different population segments. The qualitative data analysis helps define population segments displaying similar covariate behavior. The duration between chain links in the two examples did not exceed a half hour. Most links connected activities five to ten minutes apart, indicating the threshold duration necessary for the hazard duration model specifications.
CONCLUSIONS AND FUTURE RESEARCH
The developed framework incorporates qualitative results from descriptive statistics and space-time prism analysis in quantitative logit/discrete choice models and hazard models. This integrated qualitative and quantitative framework for activity-based travel analysis of trip chaining is called the IQQ framework. Here we provide example qualitative statistics and models and briefly describe their expected impact on quantitative models. The goal of the integrated IQQ framework is to analyze the decision-making process for daily travel and activity time use behavior of individuals of driving age.
By incorporating the procedures developed in this research, travel demand forecasters and transportation planners will obtain a more accurate picture of travel demand on transportation networks, allowing planners and engineers to design better networks to meet the various changing needs of their users. Also, they will be able to assess new strategies that impact the users' travel and activity participation attributes to better manage the existing transportation systems. The IQQ framework provides a valuable tool for engineers and planners to analyze travel behavior using a newly enhanced methodology.
In summary, what we learn from one methodology can help with the specification of another model in the framework. Expected results from each of the qualitative and quantitative methodologies in the IQQ framework include the following:
Constructed space-time prisms for different population categories provide the basis for projected activity patterns including time of day and duration. These diagrammatic models represent the activity relationships for chained links of activities. They demonstrate the gaps in scheduling allowing for new or rescheduled activity options. They also represent various patterns of chained travel activity. The resulting activity patterns help determine unique covariate patterns for different segments of the population of similar trip chaining behavior. The space time prism and descriptive statistics findings will be used in the development of the following models.
Logit models explain the relationships between travel time and duration of chained activities. Logit models will evaluate the effect of the factors that determine the travel behavior of individuals and influence their decisions to chain activities. They will provide a comparison between the effects of activity types and characteristics versus personal and socioeconomic characteristics on trip chaining of individuals participating in fixed activties.
The comprehensive chaining activity schedule model improves the understanding of travel behavior, thus better forecasting travel demand. The hazard model provides the advantage of factoring in the trip and traveler characteristics while incorporating patterns of behavior over time. This extensive detail will provide a more accurate representation of the reality of trip decision making. Furthermore, the hazard model can evaluate the impact of previous events on trip-chaining behavior. The comparisons will include the different scenarios under which individuals chain activities and participate in single versus multi-chain activities. The hazard methodology will also include an analysis of the types of chained activities, duration, and time of day. The model will provide us with insights on how the timing of travel can change under different scenarios.
The complete analysis framework integrating both qualitative and quantitative methodologies of trip-chaining activity pattern modeling should provide researchers with a guide for future formulations of trip-chaining behavior simulation and prediction.
This research comprises one piece of a comprehensive new approach towards developing advanced interdisciplinary methodologies to understand and forecast behaviors and needs of individuals in a complicated world of constant movement and change. The procedures developed here can open doors for new integrated qualitative and quantitative modeling systems. These systems are needed to address the increase in demand and usage as a result of the growth in population and decrease in resources as the level of consumption of goods and services continue to impact the quality of life of tomorrow's world. 
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